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10 per cent, lower than that of the corresponding direct current motor.
Just to show what modern* motors are capable of doing, I give above
in parallel columns the efficiencies of corresponding sizes of direct and
alternating current motors at different percentages of their full load
torque."

Referring to the 1200 volt direct current system for inter-
urban service, the motors are often of the 600 volt type which has
been well standardized. Upon the city systems they operate as
standard 600 volt equipment connected in parallel for full speed,
while upon the 1200 volt trolley they are connected two in series
for full speed operation. In cases where only half speed opera-
tion is required within the city limits, 1200 volt motors similar
to the 600 volt type are used, the current capacity, of course,
being less for a given car and extra insulation being provided for
the higher voltage.

A number of interurban roads, whose contact line voltages
range from 1200 to 1500 volts, have been in operation for several
years and the equipment for these voltages has become pretty
well standardized. Motors designed for 1200 to 1500 volts
and connected two in series for operation in connection with
contact lines whose voltages range from 2400 to 3000 volts
have not been tried out to the extent that the lower voltage
equipment has, but those now in service are apparently not
giving much more trouble than is experienced in the operation of
600 volt equipment. The increased insulation necessary for
successful operation on the higher voltages increases the size,
weight, and cost of the motors, thus diminishing to a certain
extent some of the advantages direct current motors are assumed
to have over single-phase commutator motors.

In the matters of electrical efficiency, simplicity, and ruggedness,
three-phase motors rank first. They are lighter in weight and
for a given amount of space have greater continuous output than
any other form of motor. All three-phase motors now used in
railway service are of the induction type and therefore have
shunt type motor characteristics. They operate at approxi-
mately constant speed for all conditions of load. This feature
is of value where high schedule speeds must be maintained over
roadway which has comparatively short, heavy grades. Viewed
from the standpoint of the power plant, however, this feature
is objectionable because of the peak loads imposed upon it when
heavy trains are being hauled at high speed over the grades*

